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ABSTRACT

Sexual reproduction of the Red Sea coral Stylophora pistillata was followed at

Eilat in a long-term study (1974-1984). Field examination of over 9000 colonies

through 1 19 months indicated that S. pistillata had a reproductive season of approxi-

mately 8 months (varying from 6 to 9 months). Premature planulae and eggs were

aborted following winter storms, resulting in a lowering of the planular index and the

number of female gonads per polyp. Histological examinations of tissue from 20 large

colonies which were studied for several years, until they were found dead in situ,

indicated that either sexuality (reproductive states) and/or fecundity could be com-

pletely altered from one reproductive season to the next: i.e., hermaphroditic colonies

exhibiting high fecundity in one season became male or even sterile thereafter, and

vice versa. In addition, great variability in reproduction between successive years was

recorded in sexuality and in the fecundity of shallow water populations. Shallow wa-

ter colonies (5 m) possessed up to 5 times more female gonads per polyp and shed 5

to 20 times more planulae than deep water colonies (25 to 45 m) in which the repro-

ductive season is 2 to 3 months shorter.

Wesuggest that the changes in the hermaphroditic, male, or sterile modes of re-

production in S. pistillata are from energy limitations and stress conditions. Since

reproductive activity probably involves significant energetic expenditures, any stress

or diminution in energy resources affects sexuality or fecundity. This should be con-

sidered before formulating any general hypothesis on coral reproduction.

INTRODUCTION

Much information concerning reproductive biology of scleractinian corals has

recently become available. Fadlallah (1983) reviewed past studies and provided a list

of almost 90 species in which several known reproductive characteristics are pre-

sented. More recent studies (Harriott, 1983; Szmant-Froelich et ai. 1984; Shlesinger

and Loya, 1985; Wallace, 1985; Willis et ai., 1985; Babcock et al, 1986; Szmant,

1986) provide information on reproductive patterns of more than 100 additional

species of corals.

Although this list of studied species is impressive, data on scleractinian reproduc-

tion is still scanty, especially that dealing with their reproductive ecology. These stud-

ies evaluated sizes, shapes, and numbers of gonads, and attempted to establish repro-

ductive seasonality, lunar periodicity, mode of reproduction, planula characteriza-

tions, and behavior. However, most studies were based on observations and
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experiments carried out within a period of a year or less. Only a few studies dealt

with longer periods ranging from two (Atoda, 1947a, b; Harriott, 1983; Jokiel, 1985;

Wallace. ' 985 ) to three years (Kojis and Quinn, 198 la; van Moorsel, 1983; Stoddard

and Black, 1985). Consequently, studies on sexual reproduction often fall short in

documenting many aspects of coral reproduction (Fadlallah, 1983). Detailed infor-

mation on coral reproduction could clarify many aspects of their life history patterns

and provide a better understanding of the coral reef as a whole.

Stylophora pistillata (Esper) is one of the most abundant coral species in the Gulf

of Eilat, Red Sea. Someaspects of the reproduction of this species have already been

studied in the field and the laboratory. Descriptions of planulae and gonads have

been made (Rinkevich and Loya, 1979a). In addition, synchronization in breeding,

colony size in relation to fecundity, onset of reproduction, reproduction within a

single colony, and seasonality of planulation were also reported (Rinkevich and Loya,

1979b). This paper summarizes results of a ten-year study on the reproduction of S.

pistillata which elucidate some general conclusions characterizing coral reproductive

activities.

MATERIALSANDMETHODS

Reproductive activity of S. pistillata was studied from March 1974 to January
1984 (most intensively from 1976 to 1980). The study area was located in front of

the H. Steinitz, Marine Biological Laboratory at Eilat, Gulf of Eilat, Red Sea, and

was visited regularly once a month during the ten-year study period. Large colonies

(mean geometric radius, 7 > 20 cm) were sampled from both shallow (3-5 m) and

deep water (25-60 m) populations.

Reproduction was studied by two techniques: collections of shed planulae (see

below) and examinations of gonads in histological sections (Rinkevich and Loya,

1979a, b). A single branch was sampled from each colony. This branch represents the

reproductive state of the entire colony (Rinkevich and Loya, 1979b). The number of

female gonads was counted within serial sections for each tested polyp and quantita-

tive data were obtained on the average number of eggs per polyp in a given specimen

(6-18 polyps per sample). Male gonads were not counted because of the difficulty of

following them in serial histological sections as a result of the irregular shape of a

typical male gonad (Rinkevich and Loya, 1979a). Tissue samples were always taken

near the bases of branches since few polyps from the tips contain genital cells (Rinkev-

ich and Loya, 1979b; Kojis and Quinn, 198 la).

Early in the study, planulae were collected in situ by covering large colonies with

plankton nets in the late afternoon and removing the nets at midnight (Rinkevich

and Loya, 1979a). However, due to the difficulties with this technique during night

diving (especially with the deep-water colonies), planulae were collected from coral

branches that were brought into the laboratory. The branches were carefully removed
underwater using wire cutters, and transported to the laboratory within 30 min after

sampling in closed, separate plastic bags. The water in each bag was checked for the

appearance of planulae. Each sample was put separately in a 5 1 glass aquarium, con-

taining filtered seawater, and left overnight. Planulae were shed during the night (Rin-

kevich and Loya, 1 979a). Although handling stimulated planula release, it is assumed

that these planulae were prepared for shedding. This assumption was supported by
the finding that the released planulae were fully developed. Since conditions in all

treated samples were similar, we concluded that collection procedures did not affect

the results. Planulae were counted by sight and removed by pipettes. The seawater

was then filtered through a plankton net (100 ^m) and all remaining planulae were
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TABLE I

Somecharacterizations of recorded southern storms in Eilat

Waves Winds

Date
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TABLE II

Monthly planular index in shallow water populations of Stylophora pistillata

during 119 months of observations

Planular index* in

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

*
(-), No planulae; (H ), very few; ( + ), few; ( + + ), intermediate; (+++), large numbers.

119 months of observations. S. pistillata has a long reproductive season (planulae

release) lasting approximately 8 months, from December to July (Table II). However,
the reproductive season ranged 6 months (in 1976) to 9 months (in 1975). In the

three-month period from August to October, no planulation was ever recorded. Only
once during the ten-year investigation were very few planulae observed in November
(in 1975). A marked variation was noted in the December-January-February index

between different years. Although these months represent the beginning of the repro-
ductive season (Rinkevich and Loya, 1979b), this variability might also be the result

of the southern storms which are most severe during the winter (Table I). This phe-
nomenon is also demonstrated in another part of the present study: in April 1980 a

southern storm interrupted our field sampling. Branch samples were collected before

the storm from 10 mature colonies. Nine of them released high numbers of planulae

(average of 30 28 planulae, per 100 g skeleton, per colony). One day after the storm

samples were collected for histological study from 1 3 other mature colonies inhabit-

ing the same area and depth. Only eight colonies contained low numbers of female

gonads while the others were either sterile or contained only male gonads. The aver-

age number of female gonads per polyp, per colony was very low (0.4 0.6), much
lower than other April months (for more detail, see Tables VI and IV, respectively).

Long-term study on reproductive states

Two separate sets of experiments followed the long-term state of reproduction in

shallow water populations. In the first experiment 20 large colonies (7 > 20 cm) were
chosen (December 1 976) and sampled for histological study two to three times a year

e.g., in the beginning, the peak and the end of the reproductive season over four

successive reproductive periods, until the deaths of all of them were recorded (Febru-

ary 1980). Since synchronization in the reproduction activity exists between branches

(Rinkevich and Loya, 1979b), only one branch was sampled each time from each

colony. This sampling procedure did not affect survivorship or reproduction (un-

pub.). Colony mortality was high (Table III), although colonies were carefully chosen
on the basis of their healthy state (without dead branches or tissue damage). One and
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TABLE III

Reproductive state and average number of female gonads per polyp in Stylophora pistillata

colonies sampled during Dec. 1976 to Feb. 1980

Average numbers of female gonads per polyp in

Coral

no. Dec. 76 Apr. 77** Dec. 77 Apr. 78 Jun. 78 Dec. 78 Apr. 79 Dec. 79 Feb. 80

1
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Stylophora
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TABLE VI

Shedplanulae in sample branches of shallow and deep water Stylophora pistillata colonies

Shallow Deep
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nfaphroditic colonies which exhibited high fecundity in one season became male or

even sterile thereafter, and vice versa. Small colonies (geometric mean radius 7 < 2

cm) which invest much energy in rapid growth (Loya, 1985), possess only male go-
nads ir their hrst year of reproduction. An increase in colony size correlated with an

increa:,., in percentage of hermaphroditic colonies within the population (Rinkevich
and Loya, 1979b). Reproduction of injured colonies of S. pistillata which invested

energy in growth and regeneration was significantly reduced for at least two successive

reproductive seasons after the fracturing event (Rinkevich, 1982). In addition, the

fecundity of dying colonies was reduced several months before their death (Table III

and Rinkevich and Loya, 1986), and dying colonies often changed their sexuality

before their mortality and became male. Field experiments also demonstrated that

the number of female gonads per polyp in S. pistillata was significantly reduced in

colonies competing intraspecifically and the typical synchrony in reproduction

among different branches of a given colony was changed and disynchronized (Rin-
kevich and Loya, 1985).

From the above results, we suggest that sexuality and fecundity in S. pistillata are

responsive to the general state of health of the colony and its energetic limitations.

Studies also addressed reproduction/energy allocation questions in other coral

reef species. Kojis and Quinn (1985) found lower fecundity in damaged Goniastrea

favulus colonies compared to unharmed controls and suggested that this resulted

from reallocation of resources to growth activities that would repair damaged tissue

and cover the broken skeletons. Richmond (1984) indicated that reef corals may
allocate energy into new tissue via budding for colony growth, or via planulation
for production of new colonies. He found that colonies of Pocillopora damicornis at

Enewetak atoll, Marshall Islands, allocated the majority of their reproductive energy
into larva production while in the eastern Pacific the same species channels energy
into colony growth. Thus, internal and/or external (see below) determinants may
play a significant role in the expression of sexuality or fecundity in hermatypic corals,

although the mechanisms are not yet understood.

Stimson (1978) proposed that coral species which release planulae are characteris-

tic of shallow water environments such as reef flats, and hypothesized that shallow

water species should planulate to facilitate early settlement in the parental habitat.

Conversely, deep water corals should release eggs and sperm into the water to facili-

tate dispersal. More recent studies, however, suggest that the mode of reproduction
is related to more complex factors than habitat alone (Harriott, 1 983; Szmant, 1 986).

Thus it is of interest to study the mode of reproduction of the same species in two
different depths. Karlson (1981) found a reduction in reproductive activity with in-

creasing depth in two Jamaican species ofZoanthus. Kojis and Quinn (1983) further

indicate that fecundity of Acropora palifera decreased with depth. Colonies at depths

greater than 1 2 mhad approximately half the fecundity of surface colonies. These
studies support the results of the present study (Tables IV, V, VI) which indicate high
differences in fecundity between shallow and deep water 5". pistillata colonies.

The importance of available energy for reproduction is apparent from the de-

crease of fecundity in deep water populations. S. pistillata invests photosynthetically
derived energy in reproduction (Rinkevich, 1982; Rinkevich and Loya, 1983). Mc-

Closkey and Muscatine (1984) found that the daily CZAR(the percentage contribu-

tion of zooxanthellae-translocated carbon to animal maintenance respiration) in S.

pistillata in deep water was less than half of that in shallow water. Mean CZARat 35

mwas 78%, compared to 157% at 3 m. They also found that the decreased carbon

availability to the host animal at 35 mwas the consequence of both decreased net

carbon fixation and decreased percentage of net fixed carbon translocated to the host.
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Therefore, we suggest, that the generous daily carbon supply in shallow water colonies

enables them to channel significantly more energy to reproduction than deep water

colonies.

It is hard to separate the two explanations for the differences in reproductive activ-

ity between shallow and deep water colonies e.g.. energy limitations versus selective

pressures. The present results point to energy limitation in deep water colonies rather

than to the suggestion of selection pressures which favor high fecundity of shallow

water colonies (Stimson, 1978).

This study provides for the first time results of long-term (1974-1984) experi-
ments and observations on reproductive activities in a hermatypic coral. These and
earlier (Rinkevich, 1982; Rinkevich and Loya, 1985; 1986) results indicate that sexu-

ality as well as fecundity are determined and regulated by a variety of internal pro-
cesses (such as the state of health of the colony, regeneration of broken branches,

energy limitation, senescence, and death) and external, physical parameters (such as

storm activities). The only other relevant papers on external parameters are the recent

works of Jokiel (1985) and Jokiel et al. (1985) who suggested that environmental

factors including temperature, salinity, tidal cycle, visible, and ultraviolet radiation

influence the number of planulae released by Pocillopora damicornis per spawning
cycle, as well as the synchronization of lunar release of planula larvae. Therefore it

is concluded that reproductive activity in S. pistillata involves significant energetic

expenditures that otherwise would be allocated into other physiological pathways
such as growth and maintenance. As a result, any significant stress or diminution in

energy resources affects at least one of the reproductive characteristics of this species.

Physical and biological parameters have often been directly related to the distribution

of a given species. However, the present study indicates that even reproduction can

be directly altered as a result of the influence of these parameters. The changes in the

reproductive activity of S. pistillata colonies in the field may not be a function of a

single parameter. The combined effect of several external and internal factors on

gravid colonies should be examined experimentally before and during the reproduc-
tive season. These should be considered before formulating any general hypothesis
on coral reproduction.
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